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The U.S. Department of Energy (DOE) contributes to the welfare of the Nation by providing
resources to achieve efficiency in energy use, diversity of energy sources, a more productive and com-
petitive economy, improved environmental quality, and a secure nationa defense. DOE provides sci-
entific and technical information, and educational resources to Federal agencies and the public.

Office of Energy Efficiency and Renewable Energy

DOE's Office of Energy Efficiency and Renewable Energy leads the Nation to a stronger
economy, a cleaner environment, and a more secure future through the development and de-
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The Federal Energy Management Program

The Federal Energy Management Program (FEMP) reduces the cost of government by advancing
energy efficiency, water conservation, and the use of solar and other renewable energy. FEMP
accomplishes its mission by creating partnerships, leveraging resources, transferring technology
and providing training and support. Each of these activitiesisdirectly related to achieving not only
the goals set forth in law, Energy Policy Act of 1992 and Executive Order No. 12902, but also those
which are inherent in sound management of Federal financial and personnel resources.
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Greening Americais anonprofit foundation that educates the public and private sectors about energy
efficient and environmentally sound design, innovation, and technology. Greening America, which
had its genesis in the Greening of the White House, produces videos, publications, on-line technical
resources, and other materials that show practical examples of how sound energy and environmental
decision-making makes good economic sense.

Sustainable Systems, Inc.

Sustainable Systems, Inc. is a consulting firm that is dedicated to implementing the principles of sus-
tainability in devel opment. Multi-disciplinary teams of technical professionals, social scientists, econ-
omists, and business administrators address problems—from community development to technologi-
cal issues—from the viewpoint of minimizing the resource and environmental impacts of the activi-
ties of its clients, without compromising quality of life.

Disclaimer

This document was prepared by Greening America, Sustainable Systems, Inc. and the U.S. Department of Energy (DOE).
Any opinions, findings, conclusions, or recommendations expressed herein do not necessarily reflect the views of DOE,
Greening America, or Sustainable Systems, Inc. Neither DOE, Greening America, or Sustainable Systems, Inc., nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercia product, process, or service by trade name,
trademark, manufacturer or otherwise, does not constitute or imply an endorsement, recommendation, or favoring by DOE,
Greening America, or Sustainable Systems, Inc.
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In his 1993 Earth Day address, President Bill Clin-
ton made acommitment to make the White House
amodel for energy efficiency and waste reduction.
He cdled for an energy and environmenta up-
grade and retrofit of the White House complex,
and said:

“For aslong as | live and work in the White
House, | want Americansto seeit not only asa sym-
bol of clean government, but also a clean environ-
ment. WWE're going to identify what it takes to make
the White Housea modd for efficiency and wastere-
duction. And then we're going to get the job done.
| want to make the White House a modd for other
federal agencies, for state and local governments,
for businesses, and for familiesin their homes.”

The actions that resulted from the President’s re-
guest came to be known as The Greening of the
White House.

The Federal Energy Management Program
(FEMP) is the lead federal agency for helping
transfer the energy and environmental technolo-
gies used in The Greening of the White House to
all Federal buildings. Through this effort FEMPis
working toward fulfillment of Executive Order
12902 to reduce Federa energy consumption by
30% between 1985 and 2005.

Greening Federal Facilitiesis anuts-and-bolts re-
source guide compiled to increase energy and
resource efficiency, cut waste, and improve the
performance of Federa buildings and facilities.
The guide highlights practical actions that facility
managers, design and construct staff, and facility
planners can take to save energy and money, im-
prove the comfort and productivity of employees,
and benefit the environment. It is another step in
a nationa effort to promote energy and environ-
mental efficiency in the nation’s 500,000 Federal
buildings and facilities.

Executive Summary

Greening Federal Facilities encompasses actions

ranging from improved landscaping, to materials

selection, to recycling, to water conservation, to

energy-efficient lighting, heating and cooling. It

highlights best practices to:

* invest in improvements that have quick pay-
backs and make economic sense;

* increase productivity, comfort, and health of em-
ployees and building occupants,

* maximize innovative financing and partnering
opportunities;

« facilitate interagency cooperation;

» work within the ongoing operations and proce-

dures of facilities management staff; and reduce
environmental impacts.

To develop and review Greening Federal Facili-
ties, FEMP, with support from Greening America,
assembled an inter-agency team consisting of ex-
pertswithin DOE, DOD, GSA, EPA, the Office of
the Federa Environmental Executive, and many
other Federal agencies. It aso brought together an
expert team from DOE Labs, including Lawrence
Berkeley National Laboratory (LBNL), Pecific
Northwest National Laboratory (PNNL), and the
National Renewable Energy Laboratory (NREL).
A specia advisory group aso included a 30-mem-
ber team comprised of many of the nation’s lead-
ing private-sector experts in architecture, engi-
neering, building operations, and energy and envi-
ronmental management.

Greening Federal Facilities reflects along-standing
commitment to make government work better and
cost less, to use the Federa government’s enor-
mous purchasing power to stimulate markets for
American energy and environmental technologies,
and to save taxpayers money through reduced
materid cogts, waste digposal costs, and utility bills.



Purpose ][ 1.1 ]

Greening Federal Facilities is a resource guide
for Federa facility managers to assist them in re-
ducing energy consumption and costs, improving
the working environment of the facilities they
manage, and reducing the environmental impacts
of their operations. Showcase initiatives such as
The Greening of the White House serve as models
for initiating environmental and energy upgrades
for Federal facilities.

Sustainability isaterm that coversthe wide range
of actions needed to reduce the impact of the built
environment on the natural environment and, with
respect to this guide, is synonymous with "green-
ing". At its very heart, sustainability is about leav-
ing a high quality of life for this nation's many
future generations. For our society to be sustain-
able we must (1) use al resources (energy, water,
material, and land) efficiently and minimize waste;
(2) protect the natural environment, the source of
all our resources; and, (3) create a healthy built
environment for future generations. This guide
concentrates on sustainable building actions that
are practical and cost-effective.

This guide was developed by the Federal Ener-
gy Management Program (FEMP) and places
key energy and environmental information along
with appropriate economic data at the fingertips of
the facility manager to assist the decision-making
process. The guide is intended to provide a quick
introduction and reference to the many technolo-
gies and practices involved in greening efforts. It
suggests actions that are likely to be successful as
first steps in saving energy, water, and resources.
Each section is condensed, and identifies addition-
al resourcesfor facility managersto consult for de-
tailed information. The reader is encouraged to
consult these resources and the on-line version of
this guide that has even more resources available
to the user. Section 1.3 isatour of this guide and
shows facility managers how to effectively use it
to "green” their operations. Greening Federal Fa-
cilities emphasizes preventing waste and pollution
instead of focusing on the compliance process.

Issues

So who are these facility managers and why are
they important? Facility managers are the people
who manage severa hundred thousand facilities
worldwide on behaf of the United States. They
can be in-house energy managers, solid waste
managers or otherswith similar responsibilities. In
DOD they are the Base Civil Engineers (BCE) and
Directors of Engineering and Housing (DEH).
They are middle-level managers with huge respon-
sibilities and declining human and financial
resources. Some facility manager facts for consid-
eration:

lL The Federa facility manager community op-
erates and maintains over 500,000 buildings
owned and leased by the Federal Government!

|.z, The area of these buildings is in excess of
3,100,000,000 (3.1 hillion) square feet of floor space.
|. . These buildings are the homes, working
places, and support systems for almost two million
Federa workers and many contract staff. They
comprise everything from office buildings to pow-
er plants, and include aircraft hangers, libraries,
hospitals, tourist attractions, and prisons.

|. , These Federd buildings consume in excess of
60,000,000,000 kilowatt-hours of energy each year.
This energy costs more than $3.5 billion each year.

5] The water utilized by these buildings and
other facilities is staggering in quantity—severa
hundred cubic miles each year!

L Facility managers purchase billions of dol-
lars of materials annually for operations, mainte-
nance, repair, and renovation. Their procurement
decisions dramatically affect the types of products
created and manufactured by awide range of busi-

nesses, from paper products to stedl panels, from
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cleaning fluids to hydraulic fluids, from medicines
to pesticides.

The bottom lineisthis: Facility managers proba-
bly manage more resources and have more impact
on the environment than any other group in the
world. Entire changes in direction relative to ener-
gy and environmental quality are possible through
their collective action. This guide is designed to
provide facility managers with the information
needed to make wise energy and environmental
decisionsthat not only reduce energy consumption
and protect the environment, but also save money
and improve the productivity of Federa workers.

Did you know? The cost of operating an average
Federal building, including the amortized con-
struction cost, is about $15 per square foot annual -
ly. The cost of the Federal government employees
in these buildings is on the order of $315 per
sguare foot each year! The meaning of this factor
of 20 difference between building and occupant
costs is clear. If you increase the productivity of
the work force by a mere 5% by improving the
working environment, the resulting annual savings
will exceed the annual cost of building ownership
and operation!! This guide shows facility manag-
ers how to make these positive changes, save ener-
gy, increase productivity, and greetly reduce facil-
ity environmental impacts.

What are the potential savings that facility manag-
ers can produce to both reduce costs and U.S. de-
pendence on foreign energy sources? The Electric
Power Research Institute (EPRI) estimates an ag-
gressive drive to reduce energy costs can reduce
electricity use by 24% to 44%. The Rocky Moun-
tain Institute goes even further and claims potential
cost-effective electricity savings of 75%.

Cost of Building/Year: $15/sq ft
Employee Cost/Year: $315/sq ft
5% Productivity Improvement: $16/sq ft
10% Productivity Improvement: $31/sq ft

The key principles for facility managersto fol-
low to reduce energy and environmental impacts
of their operations are:

lL Reduce resour ce consumption: energy, wa
ter, land.

|.z, Reduce resource waste: energy, water, ma-
terias.

3 I ncrease equipment and system efficiency:
no-cost or low-cost tune-ups, modifications, re-
placement.

|.4, Emphasize source and waste reduction to
al facility users.

|.§J Create healthy environments for Federal
workers: air, light, noise, temperature, humidity.

Contacts

Federa greening initiatives, including the on-line
version of this guide and The Greening of the
White House, are located on the internet at http:
Ihwww.eren.doe.gov/femp/greening.html.

The FEMP Help Desk at (800) DOE-EREC offers
technical support on awide range of topicsto assist
facility managers in greening their facilities.

Page 2



Current Federal Regulations ][ 1.2 ]

Thereisawide variety of Federal laws, Executive
Orders, and Executive Memoranda that facility
manager's are required to follow to reduce the en-
ergy and environmental impacts of the buildings
they manage. These laws and regulations aready
direct facility managers to be proactive in their ef-
fortsto reduce resource consumption, reuse and re-
cycle materials, and dramatically reduce the im-
pacts of Federal government activities on the envi-
ronment. Although they are required to comply
with the many specific directives in these docu-
ments, many facility managers may be unaware of
the actions they can take with regard to implemen-
tation. In this section, the major Federa regula-
tions governing energy and environmental actions,
together with their important provisions, are listed
in chronological order.

Federal Laws & Executive
Orders

i)
(EPCA) of 1975. EPCA was the first major piece
of legidation to address Federa energy manage-
ment. This law directed the President to develop a
comprehensive energy management plan. EPCA
has largely been overtaken by later legidation.

Energy Policy and Conservation Act

2 Resour ce Conservation and Recovery Act
(RCRA) of 1976. RCRA 86002 established a Fed-
era mandate to “Buy Recycled.” RCRA 81008
and 86004 require all Federa agencies generating
solid waste to take action to recover it.

3 National Energy Conservation Policy Act
(NECPA) of 1978. NECPA specified the use of a
life-cycle costing methodology as the basis for en-
ergy procurement policy and specified the rate for
retrofit of Federal buildings with cost-effective en-
ergy measures. Title V of NECPA was codified as
the Federal Energy Initiative.

4 Comprehensive Omnibus Budget Recon-
ciliation Act (COBRA) of 1985. COBRA, a one-

year funding bill, provided Federa agencies with

an dternative source of funding for energy-effi-
ciency investments. For the first time, agencies
were encouraged to seek private financing and im-
plementation of energy-efficiency projectsthrough
“shared energy savings’ (SES) contracts.

|.§.| Federal Energy Management Improve-
ment Act (FEMIA) of 1988. It mandated a 10%
reduction in per-square-foot energy use by Federal
buildings between 1985 and 1995, marking the
first time that Congress specified the level of sav-
ings that had to be achieved.

18] Executive Order 12759, “Federa Energy
Management,” April 17, 1991. This Order extend-
ed the FEMIA energy reduction requirements for
Federal buildings to 2000, requiring a 20% reduc-
tion in per-square-foot energy usage from 1985
levels. This executive order was replaced by Exec-
utive Order 12902 (number 13, next page).

7. Energy Policy Act of 1992 (EPACT). This
Act increases conservation and energy-efficiency
requirements for government and consumers; for
Federal agencies, requires a 20% reduction in per-
square-foot energy consumption by 2000 com-
pared to a 1985 baseline; provides authorization
for DOE to issue rules and guidance on Energy
Savings Performance Contracts (ESPCs) for
Federal agencies, requires Federal agencies to
train and utilize energy managers, directs the Of-
fice of Management and Budget to issue guide-
lines for accurate assessment of energy consump-
tion by Federal buildings, and directs GSA to re-
port annually on estimated energy costs for leased
space.

|E Executive Order 12843, “Procurement Re-
quirements and Policies for Federal Agencies for
Ozone-Depleting Substances,” April 21, 1993, re-
quires Federal agencies to maximize the use of
safe alternatives to ozone-depl eting substances by:
(1) revising procurement practices; (2) modifying
specifications and contracts that require the use of
ozone-depleting substances; (3) substituting non-
0zone-depl eting substances to the extent economi-
caly practicable; and (4) disseminating informa-
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tion on successful efforts to phase out ozone-de-
pleting substances.

Executive Order 12844, “Federa Use of
Alternative Fueled Vehicles,” April 21, 1993. This
requires the Federal government to adopt aggres-
sive plans to acquire, subject to availability of
funds and considering life-cycle cogts, aternative
fueled vehicles, in numbers that exceed by 50%
the requirements for 1993 through 1995, set forth
in the Energy Policy Act of 1992.

10 Executive Order 12845, “Requiring Agen-
cies to Purchase Energy-Efficient Computer
Equipment,” April 21, 1993. Order 12845 requires
all acquisitions of microcomputers, monitors, and
printers to meet EPA Energy Star requirements for
energy efficiency, including low power standby
features as defined by EPA Energy Star Standards.
Agencies must make Federal users aware of the
economic and environmental benefits of energy
saving equipment through information and train-
ing classes.

1] Executive Order 12856, “Federa Compli-
ance with Right-to-Know Laws and Pollution Pre-
vention Requirements,” August 4, 1993. Explains
how Federa agencies are to comply with Emer-
gency Planning and Community Right-to-Know
(EPCRA) reporting requirements and offers “lead-
ership options’ for Federal agenciesin meeting the
goals of the Order.

12| Eyecutive Order 12873, *Federa Acqisi-
tion, Recycling, and Waste Prevention,” October
20, 1993. This Executive Order addresses the gov-
ernment’s purchasing power, incorporates environ-
mental considerations into decision making, and
encourages waste prevention and recycling in dai-
ly operations. Federal agencies: (1) must set goals
for waste reduction; (2) must increase the procure-
ment of recycled and other environmentally pref-
erable products; and, (3) can retain some of the
proceeds from the sale of materials from recycling
or waste-prevention programs.

lE Executive Order 12902, “ Energy Efficiency
and Water Conservation at Federal Facilities,”
March 8, 1994. For Federal agencies it requires:
(1) a30% reduction in per gross square foot ener-

gy consumption by 2005 compared to 1985 to the
extent that these measures are cost effective; (2) a
20% energy efficiency increase in industrial facili-
ties by 2005 compared to 1990 to the extent that
these measures are cost effective; (3) the imple-
mentation of all cost-effective water conservation
projects; and, (4) the procurement of products in
the top 25% of their class in energy efficiency
where cost-effective and where they meet the
agency’s performance requirements. In addition to
available appropriations, agencies shall utilize
innovative financing and contracting mechanisms
including, but not limited to, utility DSM and
ESPCs to meet the goas and requirements of
EPACT and this order.

|.14] Executive M emorandum on “Environmen-
tally and Economicaly Beneficial Practices on
Federa Landscaped Grounds,” April 26, 1994.
This requires Federal grounds and Federally fund-
ed projects, where cost-effective and practicable,
to use regionally native plants for landscaping. It
also requires facility managers to promote con-
struction practices that minimize adverse effects
on the natural habitat; minimize use of fertilizers
and pesticides; use integrated pest management
techniques; and, recycle green waste. Water-€ffi-
cient practices, such as minimizing runoff, using
mulches, irrigating using efficient systems, and
performing water audits, are also required.
Agencies must also establish areas that demon-
strate these principles.

|.1 5] 10CFR435 establishes performance stan-
dardsto be used in the design of new Federal com-
mercial and multifamily high rise buildings. Some
of the guidelines are relevant to retrofits.

lE, 10CFR436 establishes procedures for deter-
mining the life-cycle cost effectiveness of energy
conservation measures, and for prioritizing energy
conservation measures in retrofits of existing Fed-
eral buildings.

Contacts

For more information on Federa rules and regula-
tionsrelative to energy and environmental actions,
contact FEMP's Help Desk at (800) DOE-EREC.
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A Tour of the Guide || 1.3 |

This section describes how this guide is orga-
nized to deliver key decision-making information
to the facility manager as effectively as possible.

How this guide is particularly

useful to facility managers
Greening Federal Facilities uses “Action Mo-
ments’” as the focal points for assisting facility
managers in making changes that will "green"
their operations. An Action Moment is a point in
time when there is an opportunity to make major
positive changes in facility operations that will
reduce environmental and energy impacts. A
good example of an Action Moment is roof
repairs. The need to replace a roof presents
opportunities to improve insulation, install sky-
lights to provide daylighting, and improve the In-
door Environmental Quality (IEQ) of interior
spaces beneath the roof.

£
2 ) . o .-
@ Guide Organization
The guide is organized into three separate parts:

Part I—Introduction, ssimply defines the play-
ing field for facility managers and suggests ways
to pay appropriate attention to energy and envi-
ronmental issues. It also contains a section on de-
cision-making tools a facility manager can use to
make difficult and sometimes expensive deci-
sions in an era of personnel and resource reduc-
tions.

Part |I—Energy/Environmental Decision
Making, is the technical part of the guide and
provides guidance on how to reduce energy,
water, and other resource consumption. It quick-
ly highlights the issues, provides solutions, shows
success stories related to the subject at hand, and
points to sources of further information.

Part I11—Opportunities For Change, gets to
the heart of the facility manager's job and sug-
gests ways to use theinformation in Parts | and 11

on a daily basis. Part Ill provides the facility
manager with approaches that can be used during
operations and maintenance where the energy
and environmental impacts are significant. Again,
success stories in the form of brief examples are
used to provide real world examples of how ap-
propriate changes can be successfully made.

Icons

The guide is organized with the help of icons to
rapidly direct the facility manager to the most
useful information. These icons are used as the
situation dictates, and are reasonably self-explan-
atory. Note that all icons are listed on the inside
of the front cover for ready reference.

=) Technical Information

)

= .

—+ Ruleof Thumb or Tip

=) Good Idea

—

Un

—+  Operations and Maintenance
$
—  Financial, Economic, or Life Cycle
"

1,
.=~/ Cautionary Note

—
i Environmental Information
w

——  Recycling Information

- Examples

S
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Examples are used to show concrete instances of
exactly how the particular ideas for lower envi-
ronmental and energy impacts can be used. The
example designated by the file folder icon is a
short summary of a very specific application.

References in the hard copy version of this guide
are limited due to space. Please visit our on-line
web site under “Greening Initiatives’ at http://
www.eren.doe.gov/femp.
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Decision Methods || 2.1 |

Many of the decisions required of the facility man-
ager with respect to energy or environmental ac-
tions require alogical, step-by-step analysis of the
available options. This rigorous analysis comple-
ments other steps in the decision-making process,
such as identifying the problem, working with af-
fected parties to develop options, selling the idea
to decision makers, developing a funding package,
and getting buy-in from affected building users.

The analysis method used should take into account
all the major criteria, appropriately weight the cri-
teria depending on their relative importance, and
rank each of the options relative to each criterion.
The preferable result is a set of scores that can be
used as a basis for selecting one of the available
options. Although there are many decision-making
techniques, the method described here, the Criteria
Weighting Method (CWM), is one the facility
manager can easily utilize and apply to help make
relatively complex decisionsin afairly logical and
rigorous manner.

Technical Information

The first step in decison-making is to list the
available options. All possible options should be
listed as an exercise in ensuring completeness.
Only the top options need be carried forward into
the formal decision-making process.

Note that one of the options can be “Do Nothing!”

After listing the available options the criteriarrela-
tive to the situation should be listed. Some of the
criteria that can be chosen are: quality, life-cycle
cost, durability, performance, appearance, avail-
ability, weight, physical size, safety, reiability,
noise levels, conformance with building codes,
color, aesthetics, weather resistance, U.S. manu-
facturer, and subcontractor performance.

Note that life-cycle cost must be included as one of
the criteria for each option. It is assumed that the
life-cycle cost has been determined prior to the
final decision-making process.

The process described here places the options on
the horizontal axis of adecision matrix and the cri-

teria on the vertical axis. The first step in the pro-
cessisto determine the relative weights of the var-
ious criteria. This determination is accomplished
by a pair-wise comparison of the criteria to estab-
lish which of the two criteria is more important.
When this process has been completed, the
weights are calculated and written into the matrix.
The various options can then be ranked for each
criterion and the final scores computed.

The use of this decision-making technique is de-
scribed below.

i,
@ Criteria Weighting Method
Instructions. The first step in the Criteria Weight-
ing Method (CWM) is to develop the Criteria
Weights. Once the weights are determined, they are
applied to the problem at hand. Two simple matrices
are used to assist this process as described below:
the Criteria Matrix and the Analysis Matrix.

lL Developing Criteria Weights: (1) On the left
side of the following page is an example Criteria
Matrix used to determine weights for a sample deci-
sion on exterior wall types. The process begins with
“Cogt” (Criterion A) being compared to “Maintain-
ability” (Criterion B), and the more important of the
two is placed in the box aong with the preference
weight for the more important. In this case Cost is
the more important and there is a minor difference
which has aweight of 1. Consequently “Al1” isen-
tered in the box at the intersection of these two cri-
teria. Comparing Cost (A) with Redesign Time (F),
the more important is Cost and the differenceis be-
tween major and medium, aweight of 4. “A4” isen-
tered in the intersection of the two criteria. (2) Con-
tinue this process to compl ete the pair-wise compar-
ison of dl criteria. (3) At the end of the comparison
add the weight factors for each criterion both hori-
zontaly and vertically and write the total by each
criterion on the right. In this case, Cost (A) has a
total weight of 13 and Proven Quality (D) has atotal
of 9. The rank is written in the right column based
on these totals.
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2] Applying the Criteria Weights: (1) Below
right is the Analysis Matrix which continues the
example with the criteria and their associated
weights written across the top of the matrix. (2)
The options available are written vertically by cri-
terion. For example, cost is compared for each of
the options first, then the other criteria are aso
compared. A score of 1to 5 (higher is better) isused

and then the weight is applied. In the first column,
a "cost" score of 1 was given to "Stedl Stud with
Brick Veneer" and then multiplied by the weight of
13 derived from thefirst matrix. (3) Thetotal score
is computed on the right and the various options
are ranked. In the case shown here the highest
score is 166, and thus the number one choice is
"Exposed Concrete Block with Split Face Finish."

CRITERIA MATRIX ANALYSIS MATRIX
Study Title: Exterior Walls Study Title: Exterior Walls
CRITERIA Basic Function: Control Elements/Support Load
> z W z
5 2|2 @9 >
21812312182 €3 - E w
< ||| < | =z oL a © = e =
z [ o 15} OE 2 = <| = | =
[ zZ s = xr = @ m 12} =} (@] =
Tl |uWu|=|o n gz £ < |93l x| =
21z |b|5|2|8 539 c| |Elglg|§|¢
ol |W|e|S|w | x s S|ElT| 2| 4
S|E|2|a|= )& 258 2 Elgl2|Els|e|8| |B|d
<|aoa|o|lo|lwu|lu|lo|z|oal| 210|282 |3 51%
[a} o|l=z|<|a|I|lx = |2
Al A A3] a2] A3 |Ag NS 2 | <|ojo|lojw|u]|O
Weight from
Bk’ BS| D1]| E3 | B2 B’ 4 Criteria Matrix = 1Bl 7 18196 |3
NP c® |3 Gonerete Block, >z |V 123 N7 #5
k, 9 ainte 65148 | 9 [12 |9
D>+ E3 | D5 D 2 Steel Stud with 1 4714 4714 1 136 | #4
AN 6| 5 Brick Veneer 13|28 [32 36 [24 | 3
K, 5 Steel Stud with 371313137141 138 | #3
F F 6 Stucco 3921 [24 |27 [24 |3
G\ G Exposed Concrete Block 4 71471471373 73 166 | #1
with Split Face Finish 5028 (3227 18 [ 9
H Concrete Block with 4 713 73 12712 73 136 | #2
Stucco Exterior 50 (21 (24 (18 [12 [ 9
To each box under SCORE, be sure to write both the letter
representing the PROBLEM AREA and the numeral or cipher . i . . . .
representing the WEIGHTING for the choice you feel is most List the best .ldeas from ranking and comparlsons tt-‘:-chmq.ues.. Determine
important. Preference weightings: which i)ne stacks up bfst agalnst}he des.lre_d criteria. .
0=no difference, 1=minor, 3=medium, 5=major Excellent=5 Very good=4 Good=3 Fair=2 Poor =1
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Economic Analysis ][ 2.2 ]

Justifying a decision to make changes that improve
the energy performance or reduce the environmen-
tal impacts of a facility requires close attention to
the economics of the dituation. There are several
key economic analysis methods the facility manag-
er should be familiar with and utilize for this pur-
pose, the most important of which is Life-Cycle
Costing (LCC). Other analysis tools include Cost-
Benefit Analysis and Life-Cycle Analysis (LCA).

Technical Information
Although the names sound alike, LCC and LCA
arein fact very different.

L CC analyzes building or facility changestoin-
clude amortized system costs, maintenance and in-
surance costs, replacement costs, energy costs, and
other significant costs over the assumed life of the
measure or facility. It combines al costs into a net
annual cost and then reduces these annual costs to
anet total cost, usually the Net Present Value. LCC
must be performed by facility managers.

LCA is used to analyze the impacts of a single
product, for example atype of paint or avariety of
concrete, for its energy and environmental impacts.
Sometimes referred to as Product Life Cycle As-
sessment (PLCA), it is useful for understanding
choices between products from an environmental
impacts point of view. Unlike LCC, which express-
esthe outcomein asingle monetary unit, PLCA ex-
presses the results in energy units, mass units of
pollutants, or other appropriate units. A single, sm-
ple representation of the outcome is not really pos-
sble. PLCA does not deal with economic issues.

Economic Analysis Tools

There are several readily available tools the facili-
ty manager can use to perform a good economic
analysis for use in the decision-making process.

lL The National Institute of Standards and
Technology's Building Life-Cycle Cost (BLCC)
computer program provides economic analysis of
proposed capital investments that are expected to
reduce long-term operating costs of buildings or
building systems/components. It is especially use-
ful for evaluating the costs and benefits of energy
conservation projects in facilities, and can be
readily adapted for water conservation and other
programs. BLCC 4.21 and later versions can cal-
culate annua and life cycle CO,, SOy, and NOy

emissions for building energy systems. The Quick
Input (Ql) program included with BLCC can be
used to rapidly set up multiple project aternatives
for LCC andysis in a single file. Both software
programs are designed to run on IBM-compatible
computers and both are updated annually. BLCC
is designed to comply with 10CFR436.

|.z, BLCC, in addition to comparing two or
more alternatives, computes the Net Savings, Sav-
ings-to-Investment Ratio, Adjusted Interna Rate
of Return, and Years to Payback.

[ General Study Parameters for LCC

(1) Type of analysis: Federal, military, private sector

(2) Treatment of inflation: constant or current dollars

(3) Base Date: the date to which all future costs are discounted

(4) Service Date: the date at which the facility will be occupied or system put into service
(5) Study Period: usually the life of the facility or product

(6) Discount Rate: the investor’s opportunity cost or the minimum acceptable return

(7) Applicable Tax Rates: for private sector analyses
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( Other Important Parameters for LCC
(1) Annual O&M costs
(2) Non-annually recurring O&M costs
(3) Energy and water quantities and costs
(4) Salvage value

References

The following programs and resources are avail-
able through the FEMP Help Desk and Home
Page.

NIST Publications and Tools: The following are
available from the Nationa Institute of Standards
and Technology (NIST). For ordering information,
contact the NIST Inquiries Office, Room A-903
Administration Building, Gaithersburg, MD
20899 (301) 975-3058, or the NIST Office of Ap-
plied Economics at (301) 975-6132.

Building Life-Cycle Cost (BLCC) Computer Pro-
gram, User’s Guide and Reference Manual, (NIS-
TIR 5185-2). This is the “NIST Building Life-
Cycle Cost (BLCC) program and guide’ refer-
enced on the previous page. The FEMP Help Desk
a (800) DOE-EREC will provide copies, and
information about schedules for training courses
offered in various locations throughout the country.

DISCOUNT: A Program for Discounting Compu-
tations in Life-Cycle Cost Analyses, (NISTIR
4513). A software program for computing discount
factors. Be sure to ask for the latest version.

Present Worth Factors for Life-Cycle Cost Sudies
in the Department of Defense, (NISTIR 4842-2). A
separate version of the report listed above, for
DOD analyses.

Videos: Three video training films offering an in-
troduction to FEMP life-cycle costing (LCC)
methods are available from Video Transfer Inc.:
(1) “AnIntroduction to Life-Cycle Cost Analysis’;
(2) “Uncertainty and Risk”; and, (3) “Choosing
Economic Valuation Methods.” For ordering infor-
mation, contact them at 5709-B Arundel Ave,
Rockville, MD 20852 or at (301) 881-0270.
Training Programs. Building Life-Cycle Cost
(BLCC) Computer Program training courses are
offered in various locations throughout the coun-
try. Contact the FEMP Help Desk at (800) DOE-
EREC for information.

Contacts

The FEMP Help Desk at (800) DOE-EREC or
FEMPs home page at http://www.eren.doe.gov
[femp

Society for Environmental Toxicology and Chem-
istry (SETAC), Pensacola, FL at (904) 465-1500 is
a good source of information about Product Life
Cycle Assessment (PLCA). The SETAC PLCA
methodology is the most widely accepted proce-
dure for determining the environmental impacts of
materials or products.

NIST Home Page at http://www.nist.gov
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